Chapter 7

Assortativity and Hierarchy in Localized
R&D Collaboration Networks

Joan Crespo, Raphaél Suire, and Jérome Vicente

Abstract One of the challenges of innovative clusters relies on their ability to
overlap technological domains in order to maintain their growth path along the
cycle of technological markets. The paper studies two particular structural proper-
ties of collaboration networks that provide new insights for understanding this
overlapping process. On the one hand, the degree distribution of knowledge net-
works captures the level of hierarchy within networks. It gives a first measure of the
ability of networked organisations to coordinate their actions. On the other hand,
the degree correlation captures the level of assortativity of networks. It gives a
measure of the ability of knowledge to flow between highly and poorly connected
organisations. We propose to combine these simple statistical measures of network
structuring in order to study the parameters window that allow localized knowledge
networks combining technological lock-in with regional lock-out.

7.1 Introduction

The study of R&D collaboration networks has become a subject of a growing interest
in spatial analysis and geography of innovation (Autant-Bernard et al. 2007;
Scherngell and Barber 2011). In particular, clusters analysis have found through the
identification of localized R&D collaboration networks new means for assessing
regional performances (Owen-Smith and Powell 2004; Vicente et al. 2011;
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Balland et al. 2013), beyond the simple co-location of innovative activities or the
black box of local knowledge spillovers (Breschi and Lissoni 2001).

Our contribution fits with this research challenge, with a particular focus on the
ability of localized R&D collaboration networks to maintain a long term perfor-
mance in a context of rapid business and technological cycles. The aim is to capture
the structural properties of collaboration networks that allow clusters performing in
particular technologies without compromising their renewal capabilities when
markets for these technologies decline. As a matter of fact, some clusters can
have difficulties in coping with technological and market decline, even if they
were leading places during the maturity stage of the industry. At the opposite some
others can succeed in disconnecting their cycle to the cycle of technologies by
reorganizing resources and networks towards a new stage of growth based on a new
or related growing market. Literature provides some highlighting stylized facts of
such patterns of cluster evolution. For instance, Saxenian (1990) describes the
renewal of the Silicon Valley in the 1980s from the declining semiconductor
industry towards the emerging computer industry. She stresses on the fact that
such a renewal was more the consequence of a reorganisation of knowledge flows
into the local organisational network rather than the consequence of market or
national policy concerns. Todling and Trippl (2004) converge towards the same
conclusions in their study of the differentiated renewal capabilities of clusters in a
sample of old industrial areas; while Cho and Hassink (2009) find evidences
according to which some clusters reach their maturity through an increasing rigidity
of their networks that plays against their ability to react to market cycles.

Then clusters life cycles (Suire and Vicente 2009, 2013; Menzel and Fornahl 2010;
Crespo 2011; Boschma and Fornahl 2012) can find explanations in the structural
organisation of collaboration networks and their evolving patterns along the cycle of
technologies and markets. Do successful clusters in a mature industry necessarily
locked into a rigid trajectory and then to decline, or are there particular structural
properties of localized collaboration networks that enable clusters to combine perfor-
mance in mature industries and renewal capabilities towards emerging ones?

In order to disentangle this question, we propose in a second section to discuss
the micro-motives of organisations for joining a network and building knowledge
relations, and the resulting consequences on the emerging structural properties of
knowledge networks. This section will show that network hierarchy and
assortativity appear as two salient topological and structural properties that play
together in the long term performance of localized R&D collaboration networks.
Section three proposes to associate these structural properties to two statistical
signatures of collaboration networks that provide tools for developing new evi-
dences on the critical factors of the long term dynamics of clusters.
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7.2 Clusters as R&D Collaboration Networks

7.2.1 Clusters Growth and Structuring

A cluster can now be defined as a local relational structure that results from the
identification of a set of nodes of various institutional forms (the organisational
demography) and the ties between them (the relational structure). Inter-
organisational ties in a cluster can be of different nature (productive, commercial,
cognitive or social) and of different geographical length. Our discussion focuses on
localized R&D collaboration networks, and then organisational relations locally
constructed to exchange knowledge in high-tech technological domains.

Network theory is very useful for analysing cluster properties, since it has
identified several drivers of network formation (Ahuja et al. 2012) that can be
founded on micro-economic behaviours. In particular, these micro-foundations are
necessary to understand how new entrants join a cluster, and (re)shape its relational
structure.

Firstly, networks can evolve through the entry of new nodes that do not connect
to any other node (isolates), or through the entry of new nodes that connect to others
by purely random attachment mechanism. It means that entering nodes connect to
others with no particular preference for their position in the structure. Isolate
entrants and random attachment mechanism will give rise to a rather flat hierarchy
of degrees in the collaboration network. In terms individual strategies, both kinds of
processes can be associated with a locational cascade (Suire and Vicente 2009). In
locational cascades, new entrants draw pay-offs from belonging to the structure as a
whole, not from targeted connections to particular nodes in the structure. Locational
cascades have been largely evidenced for clusters that attract new organisations
because of an external audience and a geographical charisma (Romanelli and
Khessina 2005; Appold 2005). Organisations converge to a “locational norm”
since the charisma displayed by one place in terms of R&D productivity provides
a signal of quality and a strong incentive for being located there, whatever the
position in the relational structure.

Secondly, entries can occur through a process of preferential attachment. In this
opposite case, nodes with many ties at a given moment of time have a higher
probability to receive new ties from new entering nodes. The higher the degree of
an organisation in the collaboration network, the more this organisation is attractive
for receiving new ties, so that the network grows through an increasing hierarchy
(Albert and Barabasi 2002). This behavioural pattern of nodes can be associated to a
network effect in location decision externalities. This means that the more new
entrants are connected to highly connected nodes, the more their payoffs increase,
due to the benefits of reciprocal knowledge accessibility and technological connec-
tions to an emerging and growing standard. This branching process is now linked to
targeted connections in the structure rather than random ones, and is consistent with
the relational constraints that typify the production and diffusion of technological
standards in high-tech industries and markets (Farell and Saloner 1985; Arthur
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1989). It is also consistent with the relational behaviour of spinoffs that tend to
connect to their often highly connected parent’s company (Klepper 2010).

Beyond node entry, clusters structure themselves through the construction and
dissolution of ties. The literature acknowledges two categories of individual incen-
tives that shape social structures, and dissociate closure from bridging network
strategies (Baum et al. 2012). Triadic closure implies that a node with links to two
other nodes increases the probability for these two nodes to have a tie between
them. Such an argument is grounded on the process of trust construction that grows
between two related nodes, because it fosters cooperation and knowledge integra-
tion within groups of nodes. Closure in collaboration networks strengthens the
mutual monitoring capability of organisations. Indeed, on one hand, it decreases
the possibilities of opportunistic behaviours (Coleman 1988). On the other hand, it
increases the effects of conformity required by technological standardization pro-
cesses: without such closure, organisations can be tempted to play the battle of
standards and accept the risk of a payoff decrease. As this process develops, the
clustering coefficient of the network increases, and triadic closure tends to shape a
core-component in the collaboration network (Borgatti and Everett 1999), in
particular when closure prevails for highly connected organisations. The second
category of individual incentives relates to bridging strategies and introduces the
idea of a more disruptive relational behaviour. For a given network, bridging ties
will be shaped when one organisation finds an opportunity to connect disconnected
organisations or groups of organisations. Such an agency behaviour (Burt 2005) is
more entrepreneurial than the former, since bridging provides access to new and
non-redundant knowledge and new opportunities for improving innovation capa-
bilities (Ahuja et al. 2009).

7.2.2  Structural Properties of R&D Collaboration Networks

According to the mechanisms of network formation and structuring at work in
clusters, they will display a high degree of variability in the structural and topo-
logical properties of their collaboration network. Previously captured using differ-
ent methodological approaches (Markusen 1996; lammarino and McCaan 2006),
this variety of cluster relational structures can be assessed using network theory
through a set of simple key-indexes that echo important features of collaborative
process of innovation.

The first property relies on the degree of connectedness of the collaborative
network. A cluster will be fully connected if there is no isolates in the population of
nodes and all the nodes can be reached by the other nodes. The second one is the
density of the collaborative network. Clusters can have a very weak level of
relational density if organisations value isolated strategies over knowledge partner-
ships. In that case, the clusters are no more than the simple result of a co-location
process, as for the well-known satellite platform of Markusen (1993). On the
contrary, clusters can display a high level of density when knowledge
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complementarities, trust and social proximity (Boschma 2005) lead to high levels of
local cohesiveness into the collaboration network.

More importantly, even for a full connectedness and a fixed level of density,
other structural properties matter and provides relevant information on the collab-
oration process. Considering the degree centrality of each organisation, i.e. direct
interaction neighbourhood, the distribution of degree can vary from a flat distribu-
tion to an asymmetric one. To put it differently, the shape of the degree distribution
refers to the hierarchy of positions in the web of relationships, and can be captured
by ranking organisations in a network according to their degree and putting into
relation with their own actual degree. Some organisations can have many relations
due to a high relational capacity (Konig et al. 2010). This is generally linked to the
size of the organisations, their absorptive capacities or the openness of their model
of knowledge valuation. On the contrary, some others remain poorly connected due
to their newness, their small size or their closed model of knowledge valuation.

Moreover, considering again the degree of each organisation, clusters can vary
in their structure according the shape of the degree correlation. Indeed, clusters can
display various levels of structural homophily, which is generally captured by an
index of assortativity (Newman 2003; Watts 2004; Rivera et al. 2010). Here again,
the assortativity of a network can be captured by the relation between the degree of
each organisation and the mean degree of the organisations in its direct
neighbourhood. The structure of relationships will be assortative when highly
(poorly) connected nodes tend to be connected disproportionately to other high
(weak) degree nodes. In that case, the degree correlation of the network is positive.
At the opposite, the structure of relationships will be disassortative when highly
(poorly) connected nodes tend to be connected disproportionately to other weak
(high) degree nodes. In that case, the degree correlation of the network will be
negative. Therefore, the level of network assortativity gives a formal representation
of the way knowledge flows between central and more peripheral nodes.

How these properties can play together for that localized R&D collaboration
networks perform of global markets without compromising their ability to adapt to
business and market cycles? Recall that some successful clusters can decline when
the market for their products decline, while some others succeed in disconnecting
their cycle from the cycle of markets and develop renewal capabilities towards
emerging ones.

The properties of hierarchy and assortativity provide new insights for that
purpose. As a matter of fact, successful clusters at a moment in time and in a
particular technological field are the ones that have succeeded in going from the
exploration of new ideas to the exploitation of a technological standard or dominant
design on a mass market, with in between, a collective process of knowledge
integration between complementary organisations along the knowledge value
chain (Cooke 2005). Beyond the traditional scheme of exploration/exploitation
that typifies the innovation process of a single organisation, the knowledge inte-
gration phase is at the heart of the cluster’s purpose. Indeed, the success of many
products results from their degree of compositeness (Antonelli 2006), the variety of
uses and applications supported by the products, scientific as well as symbolic
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knowledge (Asheim et al. 2011), and the compatibility and easy interoperability
between elements that are the rule of a dominant design diffusion (Frenken 2006).
The chasm that sometimes prevents some products from reaching the mass market
(Moore 1991) is more often the consequence of a failed integration process, i.e. a
problem of industrial organisation, rather than a problem of the product quality in
itself. Successful clusters are therefore the ones that achieve the imposition of well-
integrated and performing complete technological systems on mass markets. As the
literature shows (Klepper and Simmons 1997; Audretsch et al. 2008), these clusters
evolve from an initial scattered structure of burgeoning organisations in the early
market stages to a structure with a limited number of hub and oligopolistic
organisations in mature markets. Along the life cycle of products, and especially
composite ones, such a network dynamic produces path dependence and techno-
logical lock-in. The more the technologies generate increasing returns to adoption,
the more markets for these technologies become locked-in and resist to other
competing technologies (Arthur 1989).

But are clusters producing these technologies necessarily locked-in too? The
answer depends on the way in which their relational structure evolves along the life
cycle of products. First, recall that R&D collaboration networks can grow through
preferential attachment. This means that the more nodes display a high degree, the
more newcomers connect to these nodes, engendering a high level of hierarchy in
the degree distribution of organisations. But secondly, recall that beyond network
growth through node entry, networks can also evolve by the addition and rewiring
of ties between existing nodes through closure or bridging (Baum et al. 2012).
When closure prevails, the cluster evolves towards a high level of transitivity
between nodes which is the mark of isomorphic and conformist relational behav-
iours. In that case, the structure of the cluster exhibits tight couplings into a core-
component and a loosely connected periphery of nodes. The ossification of the
cluster goes with the formation of an assortative collaboration network, in which
highly connected nodes are tied predominantly with other highly connected nodes,
and poorly connected nodes remains connected between themselves. On the con-
trary, a structure with a disassortative web of knowledge relationships can emerge
as the entry of newcomers and rewiring process go. For that, the node bridging
strategy has to prevail over the closure strategy. Consequently, highly connected
organisations spend a share of their relational capacity towards peripheral organi-
sations, and the network as a whole displays more paths between highly and poorly
connected nodes than for the assortative network.

The patterns governing the entry dynamics into networks and the structuring
process that follows are at the heart of the lock-in/lock-out debate. Academics
acknowledge that preferential attachment is a natural pattern of social and human
networks that contributes to fostering the legitimacy of social norms and conformist
effects in Sociology (Watts 2004), or technological standards and dominant designs
in Business Studies (Frenken 2006). But the debate between closure and bridging is
more controversial, and it is also controversial for cluster studies (Eisingerich
et al. 2010). Indeed, closure favours technological lock-in and thus the ability of
the relational structure to perform in markets. The tight coupling between high
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degree organisations favours conformism and trust in a stable and cohesive struc-
ture that prevents opportunism and promotes an efficient integration of knowledge
in a context of weak environmental uncertainty. But closure favours network
assortativity, and then prevents regional lock-out, since the low connectivity
between the core nodes and the peripheral ones limits the re-organisation of
knowledge flows when uncertainty grows or when the market starts to decline. So
when preferential attachment and closure interact, the ability of clusters to deal with
a positive technological lock-in goes against the collaboration network to produce
the conditions for a regional lock-out (Simmie and Martin 2010).

In order to foster adaptability, clusters also have to develop bridging strategies in
order to open more disruptive relations, preserving minimal cohesiveness in the
core, while multiplying the channels for potential or latent flows of fresh and new
ideas coming from peripherals nodes (Grabher and Stark 1997; Cattani and Ferriani
2008). Such a mix of patterns does not undermine the hierarchy of degrees that
emerges when the technology goes towards exploitation. But to be disassortative,
the oligopoly structure of hub-organisations that appears as the technology reaches
maturity has to maintain a not too low amount of entrepreneurial connections with
the periphery, in order to overlap exploitation in a particular knowledge domain and
exploration in another related one (Cohen and Klepper 1992; Almeida and Kogut
1997; Schilling and Phelps 2007). Such a structural property of clusters is consistent
with the behaviour of firms according to their maturity and age. Indeed, Baum
et al. (2012) develop evidence on the predisposition of organisations to deal with
closure or bridging strategies according to their age. Supposing that the age of
organisations is positively related to their hub position and high degree, then the
renewal capabilities of local knowledge structures can be weakened by an insuffi-
cient level of connectivity with newcomers, as shown by Saxenian (1990) for the
semiconductor collaboration network in the Silicon Valley. If it is supposed that the
capacity constraints in the amount of ties an organisation can maintain is related to
its size and age, as Konig et al. (2010) do, then the high capacities of hub and central
organisations can be a strong source of renewal if they go against the natural
tendency to reproduce existing and conformist ties. Ahuja et al. (2009) find
empirical evidence on that by capturing the micro motives for more disassortative
behaviours. They highlight a threshold and non-monotonic effect in the strategy of
embeddedness and closure between central nodes. According to them, the growing
benefits in terms of trust and knowledge acquisition can go with an increasing
rigidity and conformity that produces disincentives for new collaborations. Like-
wise, in spite of risks of knowledge hold-up and contract incompleteness, they find
that peripheral organisations succeed in connecting to central nodes, through a
“creeping” strategy facilitated by the ability of mature organisations to find some-
times new and disruptive opportunities to connect to peripheral newcomers.
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7.3 Two Simple Statistical Signatures of Collaboration
Networks

The level of hierarchy of node degree and the level of assortativity therefore appear
as two simple statistical signatures of the ability of clusters to perform but also to
avoid negative lock-in through their endogenous renewal capabilities. The follow-
ing definition of statistical signatures of localized R&D collaboration networks
aims to discuss the parameters space that allows clusters overlapping exploitation
of technologies on mature markets and exploration of new or related technologies
for emerging markets.

7.3.1 Degree Distribution and Correlation

Hierarchy and assortativity can be measured through two simple statistical signa-
tures. The first corresponds to the degree distribution of the network. By degree
distribution, we mean the relation between the ranking of nodes in a network
according to their degree and their actual degree.' The more sloped the distribution
is, the more the network displays hierarchy in the degree of nodes. From weakly
connected nodes to highly connected nodes, the degree distribution exemplifies the
level of heterogeneity in the network in terms of actual relational capacity. The
second property corresponds to the degree correlation. Here, degree correlation is
defined as the relation between the degree of each node and the mean degree of
nodes in its neighbourhood. Networks can be characterized as assortative or
disassortative to the extent that they display a positive or negative degree correla-
tion. A network is assortative when high degree nodes are connected to other high
degree nodes, and low degree nodes are preferentially connected to low degree
nodes, so that the degree correlation is positive. And a network is disassortative
when high degree nodes tend to connect to low degree nodes, and vice versa, so that
the degree correlation is negative. For a given amount of nodes and ties in a
particular network, one can easily capture these two salient properties.

Consider a fixed number of nodes and ties in a network N.> If we note k the
degree of a particular node s, we can then write two simple equations to charac-
terize the network topology. By referring to a rank-size rule, we can classify node
degrees from the largest to the smallest® and then draw the distribution on a log-log
scale. Such that:

! Another traditional representation consists in mapping degree distribution using frequencies of
degree values.

2Then we only focus on the structuring of the network. Entries are considered as exogenous, or
occurring in previous periods.

31f two nodes have the same degree, we arbitrarily rank them as long as it has no incidence on the
slope on the power law.
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ky = C(k;)“,

with &, being the rank of the node /4 in the degree distribution, C a constant and
a < 0 the slope of the distribution or equivalently,

log (k) = log(C) + alog (k)

Secondly, we can calculate for each node %, the mean degree of the relevant
neighbourhood (V)), i.e.,

— 1
ki = HZiEv,,ki’

where k; is the degree of node i belonging to the interaction neighbourhood of
node /.

Then we estimate a linear relationship between k;, and k, such that
E = D + bky,

with D a constant and b a coefficient capturing the degree correlation.
If b > 0, the network N exhibits assortativity with a positive degree correlation,
whereas if b < 0, the network N is disassortative with a negative degree correlation.
Finally, thanks to the ordinary least squares method, the joint estimation of
parameters a and b enables us to characterize useful structural network properties.
{ degree distribution : log(k;) = log(C) + alog(k;) (7.1)
degree correlation : k, = D + bk, '

7.3.2 Discussion

Using Eq. 7.1, and considering a fully connected network N with a fixed number of
nodes (n = 33) and ties (r = 64),* Fig. 7.1 summarizes this proposition, giving
more details on three typical topologies and their statistical signatures.

(i) The so-called “flat” network presents a relatively flat degree distribution |
al = 0,37 with a degree correlation b ~ 0. This type of collaboration network
displays a strong potential for knowledge flows re-organisation and diffusion
since the nodes are linked by many paths. But such a random network does not
succeed in generating conformity effects and the emergence of technological
standards. Indeed, the lack of cohesiveness in to the network and the absence

“In such a way that the density remains the same for the three networks 2#/n(n — 1) = 0.1212,
where ¢ is the number of actual links and » the number of nodes).
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of a core group weaken the control of collective behaviours that would
exploit products on the market by efficiently gathering pieces of knowledge.
On the contrary, the assortative network presents a strong slope in the degree
distribution lal = 0,89 so that the cohesiveness of the core promotes a confor-
mity effect, and, from a technological perspective, a high probability of the
emergence of a standard. Nevertheless, its strong assortative structure (b > 0)
weakens its renewal properties since peripheral nodes are loosely connected to
the central ones. This excess of assortativity will reduce the ability of the
existing structure to activate new explorative ties when markets for the
exploited technology decline, due to a weak level of bridging between the
oligopoly structure and the peripheral ones. Therefore the assortative knowl-
edge network favours technological lock-in without maintaining regional
lock-out conditions because of its relative inability to overlap exploitation
links on mature markets and explorative ones on emerging related ones.

) Finally, the resilient network exhibits here again a high sloped degree distri-
bution with lal = 1,06, but the degree correlation is now negative (b < 0), so
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Fig. 7.2 Statistical signatures of cluster structural properties

that the network presents a certain level of disassortativity. In other words, this
negative correlation indicates a high level of connections between the core and
the periphery of the collaboration network, so that information and knowledge
can circulate through many structural bridges between highly and poorly
connected nodes. Thus targeted shocks on core members do not weaken the
whole structure to the same extent as in the previous structure. Similarly,
innovative or explorative behaviour can diffuse more easily from peripheral
to central members, due to the ability of the oligopolistic organisations to
combine closure and bridging and overlap explorative and exploitive phases in
their relational patterns.

Figure 7.2 provides a more abstracted representation of these critical structural
properties of local knowledge networks.

By representing degree distribution and degree correlation in the same layout,
one can have a better understanding of how the structure and properties of local
clusters can together improve aggregate performance and structural conditions for
renewal along the cycles of markets. The further up in the layout a cluster is, the
more the structural hierarchy of its collaboration network enables it to impose
standards and dominant designs on markets. And the further left in the layout it
is, the more the disassortative patterns of relationships in the network increase
regional renewal capabilities. The emerging oligopolistic structure that arises when
the technology reaches maturity has to remain sufficiently linked to fresh and new
ideas coming from peripheral but promising nodes for future collaborations. On the
other hand, when closure strategies in the mature oligopolistic structure exceed a
certain threshold, then redundancy of knowledge flows and conformity effects
prevail and the possibilities for regional resilience fall unavoidably. Then if some
clusters decline when their dedicated markets decline, the reasons are not neces-
sarily to find in an ossification of the structure of the network or in an excess of
rigidity due to the firm growing size, but in the relational strategies of hub and
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leading organisations, and a decreasing degree of openness towards peripheral but
strategic newcomers.

7.4 Conclusion

In spite of its high level of abstraction and complexity, the science of networks
applied to geography of innovation provides promising perspectives for static as
well as dynamic analysis of clusters. Here we have tried to show that it was possible
to reduce this complexity to two simple statistical signatures of collaboration
networks. Degree distribution and degree correlation highlight the critical structural
properties that increase the performance of clusters in a particular technological
field, without decreasing their renewal properties. If the hierarchy of degrees is a
more or less common pattern of social and organisational networks, disassortativity
is less manifest. Indeed, human and social behaviours are generally characterized
by structural homophily, so that the more an agent increases its relational capacity,
the larger is his tendency to interact with other highly connected agents. However,
this property of assortativity of local knowledge networks weakens the ability of
clusters to combine market exploitation and absorption of fresh and new ideas, and
then, can be a source of negative regional lock-ins.

The combined measures of degree distribution and degree correlation confirm
that a window of parameters exists, for which clusters can display performance in
the short run, and renewal capabilities in the long run. Capturing this window more
precisely requires an additional effort of modelling. But at this stage, such a
framework furnishes new perspectives to highlight empirical evidence on the
ability of regional systems of innovation to resist and adapt to turbulent macroeco-
nomic environments, new growing consumer paradigms and the shortening of
market cycles.

References

Ahuja G, Polodiro F, Mitchell W (2009) Structural homophily or social asymmetry? The forma-
tion of alliances by poorly embedded firms. Strateg Manag J 30:941-958

Ahuja G, Soda G, Zaheer A (2012) The genesis and dynamics of organisational networks. Organ
Sci 23(2):434-448

Albert R, Barabasi AL (2002) Statistical mechanics of complex networks. Rev Mod Phys
74:47-97

Almeida P, Kogut B (1997) The exploration of technological diversity and geographic localization
in innovation: start-up firms in the semiconductor industry. Small Bus Econ 9(1):21-31

Antonelli C (2006) The business governance of localized knowledge: an information economics
approach for the economics of knowledge. Industry Innov 13(3):227-261

Appold S (2005) The location patterns of U.S. Industrial research: mimetic isomorphism, and the
emergence of geographic charisma. Reg Stud 31(1):17-39



7 Assortativity and Hierarchy in Localized R&D Collaboration Networks 127

Arthur WB (1989) Competing technologies, increasing returns and lock-in by historical events.
Econ J 99:116-131

Asheim BT, Boschma R, Cooke P (2011) Constructing regional advantage: platform policies
based on related variety and differentiated knowledge bases. Reg Stud 45(7):893-904

Audretsch D, Falck O, Feldman M, Heblich S (2008) The life cycle of regions, CEPR Discussion
paper DP6757

Autant-Bernard C, Billand P, Frachisse D, Massard N (2007) Social distance versus spatial
distance in R&D cooperation: empirical evidence from European collaboration choices in
micro and nanotechnologies. Pap Reg Sci 86(3):495-520

Balland PA, Suire R, Vicente J (2013) Structural and geographical patterns of knowledge networks
in emerging technological standards: evidence from the European GNSS industry. Econ Innov
New Tech 22(1):47-72

Baum JAC, McEvily B, Rowley TJ (2012) Better with Age? Tie longevity and the performance
implications of bridging and closure. Organ Sci 23(2):529-546

Borgatti SP, Everett MG (1999) Models of core/periphery structures. Soc Networks 21:375-395

Boschma RA (2005) Proximity and innovation: a critical assessment. Reg Stud 39(1):61-74

Boschma R, Fornahl D (2012) Cluster evolution and a roadmap for future research. Reg Stud 45
(1):1295-1298

Breschi S, Lissoni F (2001) Knowledge spillovers and local innovation systems: a critical survey.
Ind Corp Chang 10(4):975-1005

Burt RS (2005) Brokerage and closure. Oxford University Press, New York

Cattani G, Ferriani S (2008) A core/periphery perspective on individual creative performance:
social networks and cinematic achievements in the Hollywood film industry. Organ Sci 19
(6):824-844

Cho R, Hassink R (2009) Limits to locking-out through restructuring: the textile industry in
Daegu, South Korea. Reg Stud 43(9):1183-1198

Cohen WM, Klepper S (1992) The tradeoff between firm size and diversity in the pursuit of
technological progress. Small Bus Econ 4(1):1-14

Coleman JS (1988) Social capital in the creation of human capital. Am J Sociol 94:95-120

Cooke P (2005) Rational drug design, the knowledge value chain and bioscience megacentres.
Camb J Econ 29(3):325-341

Crespo J (2011) How emergence conditions of technological clusters affect their viability?
Theoretical perspectives on cluster lifecycles. Eur Plan Stud 19(12):2025-2046

Eisingerich AB, Bell SJ, Tracey P (2010) How can clusters sustain performance? The role of
network strength, network openness, and environmental uncertainty. Res Policy 39:239-253

Farrell J, Saloner G (1985) Standardization, compatibility, and innovation. RAND J Econ 16
(1):70-83

Frenken K (2006) Technological innovation and complexity theory. Econ Innov New Tech 15
(2):137-155

Grabher G, Stark P (1997) Organizing diversity: evolutionary theory, network analysis, and post-
socialism. Reg Stud 31(5):533-544

Tammarino S, McCann P (2006) The structure and evolution of industrial clusters: transactions,
technology and knowledge spillovers. Res Policy 35(7):1018-1036

Klepper S (2010) The origin and growth of industry clusters: the making of silicon valley and
Detroit. J Urban Econ 67:15-32

Klepper S, Simons KK (1997) Technological extinctions of industrial firms: an inquiry into their
nature and causes. Ind Corp Chang 6(2):379-460

Konig MD, Tessone CJ, Zenou Y (2010) From assortative to dissortative networks: the role of
capacity constraints. Adv Complex Syst 13(4):483-499

Markusen A (1996) Sticky places in slippery space: a typology of industrial districts. Econ Geogr
72:293-313

Menzel MP, Fornahl D (2010) Cluster life cycles-dimensions and rationales of cluster evolution.
Ind Corp Chang 19(1):205-238



128 J. Crespo et al.

Moore G (1991) Crossing the chasm: marketing and selling high-tech products to mainstream
customers. HarperBusiness, New York

Newman MEJ (2003) Mixing patterns in networks. Phys Rev E 67:026126

Owen-Smith J, Powell WW (2004) Knowledge networks as channels and conduits: the effects of
spillovers in the Boston biotechnology community. Organ Sci 15(1):5-21

Rivera M, Soderstrom S, Uzzi B (2010) Dynamics of dyads in social networks: assortative,
relational, and proximity mechanisms. Annu Rev Sociol 36:91-115

Romanelli E, Khessina O (2005) Regional industrial identity: cluster configurations and economic
development. Organ Sci 16(4):344-358

Saxenian AL (1990) Regional networks and the resurgence of silicon valley. Calif Manage Rev 33
(10):89-112

Scherngell T, Barber M (2011) Distinct spatial characteristics of industrial and public research
collaborations: evidence from the 5th EU framework programme. Ann Reg Sci 46:247-266

Schilling MA, Phelps CC (2007) Interfirm collaboration networks: the impact of large-scale
network structure on firm innovation. Manag Sci 53(7):1113-1126

Simmie J, Martin R (2010) Regional economic resilience: towards an evolutionary approach.
Camb J Reg Econ Soc 3(1):29-51

Suire R, Vicente J (2009) Why do some places succeed when others decline? A social interaction
model of cluster viability. J Econ Geogr 9(3):381-404

Suire R, Vicente J (2013) Clusters for life or life cycles of clusters: In Search for the critical factors
of clusters resilience, entrepreneurship and regional development (forthcoming)

Todtling F, Trippl M (2004) Like phoenix from the ashes? The renewal of clusters in old industrial
areas. Urban Stud 41:1175-1195

Vicente J, Balland PA, Brossard O (2011) Getting into networks and clusters: evidence from the
Midi-Pyrenean GNSS collaboration network. Reg Stud 45(8):1059-1078

Watts DJ (2004) The “new” science of networks. Annu Rev Sociol 30:243-270



	Chapter 7: Assortativity and Hierarchy in Localized RandD Collaboration Networks
	7.1 Introduction
	7.2 Clusters as RandD Collaboration Networks
	7.2.1 Clusters Growth and Structuring
	7.2.2 Structural Properties of RandD Collaboration Networks

	7.3 Two Simple Statistical Signatures of Collaboration Networks
	7.3.1 Degree Distribution and Correlation
	7.3.2 Discussion

	7.4 Conclusion
	References


